The chemokine receptor CXCR6 is expressed on different T cell subsets and up-regulated following T cell activation. CXCR6 has been implicated in the localization of cells to the liver due to the constitutive expression of its ligand CXCL16 on liver sinusoidal endothelial cells. Here, we analyzed the role of CXCR6 in CD8 + T cell responses to infection of mice with Listeria monocytogenes. CD8 + T cells responding to listerial antigens acquired high expression levels of CXCR6. However, deficiency of mice in CXCR6 did not impair control of the L. monocytogenes infection. CXCR6-deficient mice were able to generate listeria-specific CD4 + and CD8 + T cell responses and showed accumulation of T cells in the infected liver. In transfer assays, we detected reduced accumulation of listeria-specific CXCR6-deficient CD8 + T cells in the liver at early time points post infection. Though, CXCR6 was dispensable at later time points of the CD8 + T cell response. When transferred CD8 + T cells were followed for extended time periods, we observed a decline in CXCR6-deficient CD8 + T cells. The manifestation of this cell loss depended on the tissue analyzed. In conclusion, our results demonstrate that CXCR6 is not required for the formation of a T cell response to L. monocytogenes and for the accumulation of T cells in the infected liver but CXCR6 appears to influence long-term survival and tissue distribution of activated cells. 
Introduction
Listeria monocytogenes is a Gram-positive, rod-shaped bacterium with ubiquitous distribution in nature. Infection mainly occurs by contaminated food. Risk groups include immunocompromised and old persons, pregnant women and neonates. Infection of mice with L. monocytogenes causes rapid activation of the innate immune system, which is essential for the restriction of bacterial replication. Due to its intracellular growth, L. monocytogenes induces a strong CD8 + T cell response. These CD8 + T cells accumulate in spleen and liver and are mainly responsible for bacterial clearance and for effective protection after reinfection [1, 2] . The mechanisms regulating CD8
+ T cell accumulation in the infected liver are only partially understood [3] . Recruitment of T cells to sites of infection is controlled by the local expression of addressins, adhesion molecules and pro-inflammatory chemokines. On an mRNA level, activated CD8
+ T cells in L. monocytogenes infection express relatively high levels of the chemokine receptors CCR2, CCR5, CXCR3 and CXCR6 which respond to pro-inflammatory chemokines (unpublished results). However, there are only few studies on the role of these chemokine receptors in L. monocytogenesinfection. CXCR3 was shown to control migration of CD8 + T cells within different compartments of the spleen and to regulate differentiation processes of these cells. However, absence of CXCR3 did not reduce liver accumulation of CD8 + T cells during acute infection [4] . CCR5-deficient mice showed impaired control of L. monocytogenes [5] , though a second study could not confirm enhanced susceptibility and further showed that CCR5-deficient mice mounted normal listeria-specific CD8 + T cell responses [6] .
The chemokine receptor CXCR6 (CD186), also known as Bonzo, STRL3 or TYMSTR, was originally described as a coreceptor for SIV and HIV [7] [8] [9] . It is expressed on subsets of CD4 + T cells, NK cells, NKT cells, and plasma cells [10] . CXCR6 is expressed at very low levels on naive CD8 + T cells [11] , but it is up-regulated after activation [12] [13] [14] . The only known ligand for CXCR6 is CXCL16, also known as SR-PSOX (scavenger receptor that binds phosphatidyl serine and oxidized lipoprotein) [11, 15, 16] . Similar to CX 3 CL1/fractalkine [17] , CXCL16 is expressed with a transmembrane domain and can function as a membrane-bound chemokine or adhesion molecule [11, 15] . Transmembrane CXCL16 is expressed by macrophages, monocytes, dendritic cells, B cells and sinusoidal endothelium cells of the liver [7, 18] . Under certain conditions, soluble CXCL16 is generated by protease mediated shedding of the membranebound form by ADAM-10 or ADAM-17 [19] .
In this study, we investigated the role of CXCR6 in CD8 + T cell activation, differentiation, and migration during the immune response of mice against L. monocytogenes. Listeria-specific CD8 + T cells in spleen and liver acquired CXCR6 expression on their surface. However, CXCR6 deficiency did not impair control of L. monocytogenes infection and CXCR6-deficient mice generated normal CD4
+ and CD8 + T cell responses and showed similar accumulation of these cells in the liver. In T cell transfer assays, early accumulation of activated listeria-specific CD8 + T cells in the liver depended on the expression of CXCR6. However, CXCR6 became dispensable and at the peak of response CXCR6-deficient and control CD8 + T cells accumulated to similar extend in the liver. When transferred CD8 + T cells were followed over extended time periods, CXCR6-deficiency resulted in altered tissue distribution and reduced persistence of CD8 + T cells indicating a function of CXCR6 in maintaining long-term survival of CD8 + T cells.
Materials and Methods

Mice
C57BL/6 mice (The Jackson Laboratory), CD90.1-congenic C57BL/6 mice (B6.PL-Thy1a/CyJ; The Jackson Laboratory), RAG1
2/2 mice (The Jackson Laboratory), OT-I mice [20] , and CXCR6 GFP/GFP mice [21] were bred under specific-pathogen-free conditions at the animal facility of the University Medical Center Hamburg-Eppendorf. Experiments were conducted according to the German animal protection law. Experiments were approved by the Behörde für Gesundheit und Verbraucherschutz of the City of Hamburg under the permits 56/12 and 99/10. Animals were housed in individually ventilated cages under 12 h light/dark cycles and constant temperature. Water and food was provided ad libitum. During acute infection, mice were controlled daily. Animals with overt symptoms of disease were euthanatized to avoid suffering. Animals were euthanatized with CO 2 .
Infection of mice with L. monocytogenes Age (.8 weeks) and sex-matched mice were infected intravenously (i.v.) or intraperitoneally (i.p.) with indicated doses of the wild type L. monocytogenes strain EGD (Lm) or of a L. monocytogenes strain expressing ovalbumin (LmOVA) [22] . Bacterial inocula were controlled by plating serial dilutions on tryptic soy broth (TSB) agar plates.
Isolation of cells
Lymphocytes from spleen and lymph nodes were obtained by mashing the organs through a cell sieve into PBS followed by erythrocyte lysis with lysing buffer (155 mM NH 4 Cl, 10 mM KHCO 3 , 100 mM EDTA [pH 7.2]). Liver and lung were perfused with PBS. For purification of lymphocytes from the liver, the liver cell suspension was additionally separated using a 40%/70% Percoll gradient (Biochrom AG, Berlin, Germany) before erythrocyte lysis. Lungs were cut into small pieces and digested with 2 mg/ml collagenase D (Roche, Penzberg, Germany) and 100 mg/ml DNAse I (Roche) in complete RPMI1640 medium (RPMI1640 medium supplemented with 10% heat-inactivated fetal calf serum, 2 mM glutamine, 50 mM b-mercaptoethanol, and 50 mg/ml gentamycin) before lysing red blood cells. Lymphocytes from bone marrow were isolated out of one femur and erythrocytes were lysed.
Determination of listeria titers
Bacterial burdens in spleen and liver were determined by homogenization of organs in 0.1% Triton X-100. Serial dilutions of homogenates were plated on TSB agar plates and colonies were counted after 24 h of incubation at 37uC.
In vitro stimulation of T cells
For the determination of cytokine production, 2610 6 + T cells in complete RPMI1640 medium for 4 h at 37uC. To prevent protein secretion, 10 mg/ml Brefeldin A (BFA; Sigma) was added for the final 3.5 h of culture.
For the analysis of proliferation, 4610 5 cells from spleen were incubated for 3 d at 37uC with increasing concentrations of CXCL16 (3-300 ng/ml), with increasing concentrations of IL-15 (3-300 ng/ml) or with 2 mg/ml anti-CD3 mAb and 2 mg/ml anti-CD28 mAb.
Flow cytometry
For extracellular cell-staining, lymphocytes were incubated with 10 mg/ml anti-CD16/CD32 mAb (anti-FccRII/III; BioXCell, West Lebanon) and 1:100 normal rat serum (NRS; Jackson Laboratories, Bar Harbor) to minimize unspecific antibody binding and then stained with specific fluorochrome-conjugated mAbs for 20 min at 4uC. MAbs to CD8a (53-6. 
Intracellular staining
For intracellular cytokine staining, cells were fixed with 2% paraformaldehyde in PBS for 15 min at room temperature and washed with 0.2% BSA (bovine serum albumin) in PBS. Cells were blocked with anti-CD16/32 mAb and NRS in PBS containing 0.1% BSA and 0.3% saponin (Sigma) and stained with fluorochrome-conjugated mAb in the same buffer.
Flow cytometry-based assays
In vivo proliferation was determined by BrdU (Bromodeoxyuridine; BD, Heidelberg) incorporation. Mice received 1 mg BrdU i.p. 1 d before analysis. Anti-BrdU mAb was used according to the manufacturer's protocol. In vitro proliferation was measured by staining of cells with the proliferation dye eFluor 670 (eF670; eBioscience, San Diego). 5610 7 cells were incubated in PBS containing 5 mM eF670 and 0.2% BSA for 15 min at 37uC. Apoptosis was determined by using the FLICA Kit (Immunochemistry Technologies, Bloomington) according to the manufacturer's protocol.
Competitive T cell transfer experiments
CD8
+ T cells from spleens of CXCR6 GFP/GFP OT-I mice and CD90 congenic wt OT-I mice were purified by negative magnetic activated cell sorting (MACS; Miltenyi Biotech, Bergisch Gladbach) according to the manufacturer's protocol. Wt OT-I (CD90. 
Statistical analysis
All statistical analysis was performed with GraphPad Prism software (La Jolla). Differences between two groups of mice were analyzed by Mann-Whitney U test (bacterial burden) or student ttest. Differences between three or more groups were analyzed by one-way analysis of variance (ANOVA) with Dunnett post-test. A p-value of,0.05 was considered significant (*, p,0.05; **, p, 0.01; ***, p,0.001).
Results
CXCR6 expression on CD8 + T cells during L. monocytogenes infection
Expression of the chemokine receptor CXCR6 has been described for activated CD8
+ T cells [12] [13] [14] .We therefore tested whether the infection of mice with L. monocytogenes causes changes in the expression level of CXCR6 on CD8 + T cells. For the determination of CXCR6 expression, we used heterozygous GFP knock-in mice, in which one allele of the CXCR6 gene has been replaced by enhanced GFP [21] . In naive mice, we observed CXCR6 expression on approx. 20% of CD8 + T cells in spleen and liver. After infection of mice with L. monocytogenes, CD8
+ T cells from spleen and liver showed up-regulation of CXCR6 (Fig. 1A,  1B ). Up-regulation of CXCR6 was particular prominent on CD8 +
T cells with an activated CD44
+ CD62L 2 phenotype (Fig. S1 ). In the liver, even in the non-infected state, most of CD44
CD8
+ T cells were CXCR6 + . Mice were infected with a L. monocytogenes strain recombinant for ovalbumin (LmOVA). Short term stimulation with the immunodominant peptide OVA 257-264 enabled detection of CD8 + T cells generated in response to infection via their expression of IFN-c (Fig. 1C, 1D ). At d5, the first time point of detection of specific CD8
+ T cells, 50% of IFNc + cells co-expressed CXCR6. CXCR6 reached a high expression level on IFN-c + CD8 + T cells at the peak of the CD8 + T cell response at day 9 and remained at this high level at d14, when the specific CD8
+ T cell population had started to contract. Thus, compared to IFN-c expression, CXCR6 expression on CD8 + T cells was delayed.
CXCR6 is not essential for a protective immune response against L. monocytogenes
Control of L. monocytogenes depends on innate immune mechanisms as well as on effective CD4
+ and CD8 + T cell responses. To investigate the role of CXCR6 in the control of infection, CXCR6-deficient (CXCR6 GFP/GFP ) and wt mice were infected with L. monocytogenes and the bacterial burdens in spleen and liver were determined (Fig. 2) . In the spleen, CXCR6
GFP/GFP and wt mice had similar bacterial titers at all analyzed time points. Interestingly, CXCR6
GFP/GFP mice showed lower listeria titers in the liver at d5 and d7 post infection. Slightly better protection was also observed in the liver of CXCR6 GFP/GFP mice after infection with a higher bacterial dose, although differences did not reach a level of significance (Fig. S2) . Thus, control of listeria-infection occurred independent of CXCR6 and in the liver, absence of CXCR6 even improved clearance of bacteria.
To determine the role of CXCR6 in the induction of CD4 (Fig. 4A) . At day 3 after transfer and infection, we found different percentages of wt and CXCR6 GFP/GFP OT-I cells in spleen and liver of recipient mice. Whereas the portion of CXCR6
GFP/GFP OT-I cells was higher in the spleen, the portion of wt OT-I cells was higher in the liver. The normalized ratio of transferred CXCR6
GFP/GFP to wt OT-I cells between spleen and liver was significantly different (Fig. 4B and Fig. S3A ). Characterization of transferred CD8 + T cells revealed that the majority of wt OT-I cells in the liver displayed an activated CD44
2 phenotype with enhanced KLRG1 expression (Fig. 4C, 4D and Fig. S3B, S3C ). In contrast, CXCR6 GFP/GFP OT-I cells were largely CDD44 2 CD62L + . However, five days after transfer the populations of wt and CXCR6 GFP/GFP OT-I cells had equalized in spleen and liver of recipient mice and both T cell populations displayed a similar phenotype. These results demonstrate that early after infection with L. monocytogenes, CXCR6 was important for migration of activated CD8
+ T cells to the liver but CXCR6 became dispensable at later time-points of infection.
CXCR6 controls tissue distribution and survival of preactivated CD8
+ T cells CXCR6 has been shown to be required for the long-term persistence of memory NK cells [23] . To determine the role of CXCR6 for CD8 + T cell persistence and tissue distribution over extend time periods, we used the competitive T cell transfer assay. Although CXCR6 GFP/GFP mice were backcrossed to the C57BL/ 6 background, we cannot fully exclude rejection of transferred T cells in wt recipients, particularly when transferred cells express high GFP levels [24] . Therefore, competitive transfers were conducted with RAG1 2/2 mice as recipients ( Fig. 5A and Fig.  S4A ). Five weeks after transfer and LmOVA infection, we observed similar frequencies of wt and CXCR6 GFP/GFP OT-I cells in spleen, blood, lung and bone marrow. Compared to wt OT-I cells, CXCR6
GFP/GFP OT-I cells remained relatively stable in bone marrow and spleen of recipient mice. In contrast, the proportion of CXCR6 GFP/GFP OT-I cells steadily declined in blood, lymph node, lung and liver, and 30 weeks after transfer, wt OT-I cells largely outnumbered CXCR6
GFP/GFP OT-I cells in these tissues.
Transferred T cells were analyzed at different time point for their activation status. For all time points analyzed, we observed similar expression profiles of CD44 and CD62L on wt and CXCR6 GFP/GFP OT-I T cells, and following peptide stimulation both cell populations showed comparable expression of IFN-c and TNF-a (Fig. S4B-E) . The rate of proliferation of transferred T cells was measured by determination of BrdU incorporation (Fig. 5B ). Five and 15 weeks after co-transfer and infection, we observed significantly reduced BrdU incorporation in CXCR6 GFP/GFP OT-I T cells. In parallel, apoptosis of cells was analyzed with FLICA (fluorescent labeled inhibitor of caspases), which irreversibly binds activated caspases. With this assay, CXCR6 GFP/GFP T cells showed reduced apoptosis when compared to wt T cells (Fig. 5C ). These results indicate that transferred wt OT-I T cells and CXCR6 GFP/GFP OT-I T cells differ in their turnover, with increased proliferation but also enhanced apoptosis in wt cells. Transferred T cells were also characterized for the expression of the exhaustion markers PD-1, LAG3 and CD244 (Fig. S5A, S5B) . Expression of PD-1 and CD244 were largely similar on wt and CXC6 GFP/GFP OT-I cells, although we observed some variability at different time points, and LAG3 was consistently lower on CXCR6 GFP/GFP cells. Thus there was no indication for increased exhaustion of transferred CXCR6 GFP/ GFP cells.
Finally, we tested whether the CXCR6 ligand CXCL16 could directly induce proliferation and survival in CD8 + T cells. Purified CD8 + T cells were eF670 labeled and incubated with different concentrations of CXCL16 or as controls with IL-15, anti-CD3 mAb plus anti-CD28 mAb or a combination of CXCL16 and IL-15 (Fig. S6A) . IL-15 caused a dose dependent proliferation as determined by the loss of eF670 staining. In contrast, CXCL16 failed to cause T cell proliferation and did not enhance the GFP/GFP mice were mixed with a CD8 + T cell ratio of 1:1 and incubated for three days (Fig. S6B) . Characterization of cells revealed a significant reduction of CXCR6 GFP/GFP CD8 + T cells compared to wt CD8 + T cells. The addition of CXCL16 did not further change the ratio of wt to CXCR6 GFP/GFP CD8 + T cells. An explanation could be that spleen cells already provided saturating amount of surface bound or soluble CXCL16. Even after stimulation of proliferation with anti-CD3 plus anti-CD28 mAbs, there was still some disadvantage of CXCR6 GFP/GFP CD8 + T cells. In summary, the interaction of CXCL16 with CXCR6 did not induce proliferation in CD8 + T cells but could maintain survival in these cells.
CXCR6 is not essential for a protective secondary response against L. monocytogenes
Acquired protection against secondary L. monocytogenes infection mainly depends on specific CD8 + T cells generated during primary infection. To test whether the alterations in the maintenance of CD8 + T cells impair the control of L. monocytogenes following secondary infection, wt and CXCR6 GFP/GFP mice were challenged 60 days after primary infection with a high dose of L. monocytogenes (Fig. 6 ). Compared to naive mice, both control and CXCR6 GFP/GFP mice showed profoundly reduced listerial titers in spleen and liver two days post challenge infection. Although we observed slightly higher titers in the liver of secondary infected CXRC6 GFP/GFP mice, the difference did not reach the level of significance.
Discussion
A population of CXCR6
+ CD8 + T cells was detected in naive mice and mainly confined to CD8
+ cells with a pre-activated CD44 + CD62L 2 phenotype. In the liver, the majority of CD44 + CD62L 2 CD8 + T cells was CXCR6 + , indicating that under homeostatic conditions, CXCR6 + CD8 + T cells preferentially accumulate in the liver, probably due to the constitutive expression of CXCL16 on liver sinusoidal endothelium cells (LSEC) [11, 25] . Following L. monocytogenes infection, CXCR6 was up-regulated on activated CD8
+ T cells and the majority of CD8 + T cells responding to listerial antigens acquired a CXCR6 + phenotype. Interestingly, CXCR6 expression was delayed when compared to the expression of IFN-c, which would indicate that expression of CXCR6 and IFN-c are independently regulated in CD8 + T cells. However, it has to be considered that although GFP expression is under the control of the Cxcr6 promoter, GFP and CXCR6 could still be differently regulated on mRNA and protein level. Thus, GFP might not fully reflect surface expression of the CXCR6 protein.
Surprisingly, CXCR6-deficient mice showed better control of L. monocytogenes infection in the liver and equal or even stronger CD4 +
and CD8
+ T cell responses in spleen and liver. The reason for this improved response is currently unclear. We consider it unlikely that the CXCL16/CXCR6 interaction is directly suppressive to cells involved in the control of L. monocytogenes. However, CXCR6-deficient mice could either lack suppressive cells or show a compensatory response to the absence of a protective cell population, which might then even exceed the response observed in wt mice. CXCR6-deficient mice show profoundly reduced numbers of NKT cells in the liver [26] and might also lack certain NK cell subsets in this organ [23] . NKT cells are regarded as proinflammatory cells and as protective in bacterial infections [27] . However, in L. monocytogenes infection the role of NKT cells is unclear with studies showing better as well as diminished control of listeria in the absence of NKT cells [28] [29] [30] . In addition, there is also evidence for a suppressive role of NKT cells [31] [32] [33] and the CXCL16/CXCR6 axis might be a central regulatory element of this function. We could recently demonstrate that absence of CXCR6 causes aggravation of autoimmune kidney inflammation which was mainly due to diminished recruitment of regulatory NKT cells to the kidney [34] . Thus, reduced numbers of NKT cells in CXCR6-deficient mice could be responsible for the altered response to L. monocytogenes. For a hepatic NK cell population, it was proposed that CXCR6 is required to locate these cells to a suppressive environment (e.g. in the close proximity to LSEC) and thereby restrict their reactivity [23] . If a similar mechanism suppresses T cell activity, absence of CXCR6 might result in enhanced T cell responses in the liver.
CXCR6-deficent mice showed equal or even slightly enhanced accumulation of listeria-specific CD4 + and CD8 + T cells in the liver, when compared to wt mice. T cell transfer assays confirmed this result for CD8 + T cells. Thus CXCR6 was not necessary for the massive recruitment of T cells to the infected liver. In this respect, our result from the L. monocytogenes infection differs from studies in a graft-versus-host disease model, in which absences of CXRC6 causes reduced accumulation of CD8 + T cells in the inflamed liver [14] . Activated CD8 + T cells express an array of chemokine receptors for pro-inflammatory chemokines such as CCR5 or CXCR3 [21, [35] [36] [37] , and these receptors could compensate for the absence of CXCR6, particularly in the context of strong hepatic inflammation during L. monocytogenes infection.
On the other hand, the liver is easily accessible even for naive T cells [38] and up-regulation of integrin ligands and addressins could be sufficient for recruitment of activated T cells even in the absence of chemokine receptor signaling. Such a scenario was recently proposed for the recruitment of inflammatory monocytes to the L. monocytogenes-infected liver [39] . Interestingly, we observed impaired hepatic accumulation of CXCR6-deficient CD8 + T cells at early time points after transfer and infection which mainly affected CD8 + T cells with a highly activated CD44 + CD62L 2 KLRG1 + phenotype. Thus, CXCR6 appears to play a role in the early phase of infection but is subsequently replaced by other chemokine receptors or chemokine independent mechanisms of T cell recruitment up-regulated with ongoing infection. Our long-term transfer studies revealed that CXCR6-deficient CD8 + T cells were outnumbered over time by wt CD8 + T cells. However, stability of the CXCR6-deficient cells differed in the analyzed tissues. The proportion of CXCR6-deficient CD8 + T cells had significantly decline by 10 weeks in blood, peripheral lymph nodes, lung and liver but remained relatively stable for several additional weeks in spleen and bone marrow. We did not observe significant changes in the activation status of wt and CXCR6-deficient CD8
+ T cells as well as in their cytokine response to in vitro stimulation. In addition, compared to wt cells CXCR6-deficient CD8 + T cells expressed similar or even lower levels of surface markers associated with CD8 + T cell exhaustion. A role of CXCR6 in the maintenance of a cell population has been described for hepatic NKT cells and subsets of NK cells [23, 26] . Similar to our observation for CD8 + T cells, these studies also show that CXCR6 is necessary for maintaining the NK or NKT cell populations but does not affect the function of the cells.
Measuring the rates of proliferation and apoptosis of transferred CD8 + T cells revealed that wt cells showed both higher proliferation and enhanced apoptosis in comparison to CXCR6-deficient cells. Thus, enhanced stability of wt cells was associated with a higher turn-over rate of these cells. In vitro, CXCL16 was not able to induce proliferation in CD8 + T cells. However, CXCR6-deficient CD8 + T cells showed reduced survival when compared to wt cells. The addition of CXCLl6 did not further enhance survival of wt cells, however, it is well possible that cells present in the culture, such as DCs, already provide saturating amounts of the chemokine [11, 26] . CXCR6 might also provide survival signals for CD8 + T cells in vivo. It is also possible that CXCR6 does not directly induce survival but directs cells to sites where these signals are available. Such a function of CXCR6 was proposed for the maintenance of NK cell subsets in the liver [23] . In a similar way, CXCR3 can direct activated CD8
+ T cells to areas in the spleen where further differentiation signals are provided [4] . Such an indirect mechanism might also explain why CXCR6-deficient CD8 + T cells show different stability in different tissues.
Despite alterations in tissue distribution and long-term stability of CXCR6-deficient CD8 + T cells in the competitive T cell transfer assay, CXCR6-deficient mice were not significantly impaired in the control of secondary L. monocytogenes infection. Thus, despite the alterations, the CD8 + memory T cell compartment was still sufficient for substantial protection, at least at day 60 post primary infection. Protection assays were conducted in wt and CXRC6-deficient mice and not in the transfer model. Since CXCR6-deficient mice mount stronger primary CD8 + T cell responses, it is possible that they also generate a larger memory cell population, which might compensate for impaired survival of memory CD8 + T cells. In agreement with this hypothesis, we observed similar frequencies of L. monocytogenes-specific CD8 + T cells in wt and CXCR6 GFP/GFP mice at day 5 post secondary infection (data not shown). Finally, it is also possible that the stronger CD4 + T cell response of CXCR6 GFP/GFP mice might result in enhanced CD4 + T cell mediated protection.
In conclusion, our results demonstrate that CXCR6 is neither essential for the generation of T cell responses following L. monocytogenes infection nor for the recruitment of activated CD8
+ T cells to infected tissues. However, CXCR6 appears to regulate the long-term survival and tissue distribution of activated CD8 + T cells. 
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